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WIND-TUNNEL INVESTIGATION AT HIGH SUBSONIC SPEEDS OF
THE LATERAT.-CONRTROL CHARACTERISTICS OF AN -
ATTERON AND A STEPPED SPOITER ON A WING
WITH LEADING EDGE SWEPT BACK 51.3°

By Leslie E. Schnelter and John R. Hagerman
SUMMARY

A wind-tunnel investigation has been made through a speed range from
& Mach nmumber of 0.30 to a Mach number of approximately 0.90 to determine
the lateral-control characteristics-of a 20-percent-chord by 39-percent-
semispan aileron and a 60-percent-semispan stepped spoiler on a semispan-
wing model with aspect ratio of 3.06 having 51.3° sweepback of the wing
leading edge. In addition, the aserodynamic characteristics of the plain
wing were determined through the speed rangs.

The ailleron rolling effectiveness decreased as the Mach number
Increased; whereas the spollsr rolling-moment effectiveness lncreased with
Mach number. The increase of rolling-mament coefflcient with spoiler
projection was nearly linear at wing angles of attack of 0° and L4O.

The hinge-mcment perameters Chu, and Chs (slope of the curves of
ar
hinge-moment coefficlent with wing asngle of attack and alleron deflection,
respectively) were negative and. varied elmost negligibly with variation
of the Mach nmumber.

IRTRODUCTION

The importance of obtaining adequate laberal control for alrplanes
incorporating sweptback wings has led the NACA to engage in an extensive
progrem of lateral-control research on various swepbback-wing configu-
rations. The purposes of thls progrem are to determlne the characteristics
of various lateral-control devlces, to attempt to improve these charac-
teristice where possible by modification of these devices, and to lnves-
tigate wholly new lateral-control devices.

UNCLASSIFIED
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Reported herein are the results of a lateral-control investigation
of a 20-percent-chard by 39-percent-semispan sealed plain aileron on a
51.3° sweptback wing having an aspsct ratio of 3.06 and a taper ratio
of 0.49. The lateral-control characteristics of two stepped spollers,
gimiler to spoiler 18 of reference 1, were alsc investigated.

Aileron rolling-moment, yawlng-moment, and hinge-moment coefflcients _
were determined through a speed range fram a Mach number of 0.30 to a -
Mach number of 0.91 over a range of ailleron deflection of approximately %30°
and a range of wing amgle of attack from approximately -4 to 16°. Spoller
rolling-moment end yawlng-mament coefficlents were determlned for both
spoiler configurations at one spoller projection through the speed range =
and at wing angles of attack fram approximately -4° to 4°. The charac-
teristics of the more satisfactory of the two spoller configurations were
detormined through a range of gpoller projections.

The tests were made in the Langley high-speed T- by 10-foot tunnel.
DEFINTTIONS AND SYMBOLS

The forces and moments on the wilng are presented about the wind axes,
which for the conditions of these teosts (zero yaw) correspond to the
stability axes. (See fig. 1.} The axes Intersect at a point 26.6 inches
rearward of the leading edge of the wing root on the line of Intersectlion .
of the plane of symmotry and the chord plane of the model, as showm in
figure 2. This corresponds to a point 26.2-percent chard rearwerd of the
leading edge of the wing mean aerodynsmic chord, as also shown in flgure 2.

The rolling-moment and yawing-moment coefficlents determined on the
semispan wing represent the aserodynsmic effects that occur on a complete
wing as a result of doflection of the alleron or projectlon of the spoller
on only one semispen of the camplete wing. The 1ift, drag, and pitching-
moment coefficients determined on the semispan wing (with the alleron or
spoiler neutral) reprosent those that occur on a complete wing.

The symbols used in the presentatlon of results are as followd:

cr, 1ift coefficient <Twice 1iPt of semispan model)
qs
CD d.rag coofficient Twice dr OfSSOIIIiB mod.el)
. LC1OI g
Cny pitching-moment coefficient <Twico pltching moment of semispan modul) -
" > L= " - . - .. . q-SE
Cy rolling-mament coefficient (i%a) ~
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Cn yawing-moment coefficlent a
ashb
Cp aileron hinge-moment coefficilent

2q X Area mament of aileron reerward of and about aileron hinge axis

c locel wing chord measured in planes parallel to wing plane of
symmetry
c' locel wing chord measured in planes perpendicular to wing
0.556c line
L /2
T wing meen aerodynamic chord, 2.087 feet = c2dy
0]
Cg local aileron chord measured along wing-chord plane fram hinge

axls to trailing edge of aileron in pleames parallel to wing
plane of symmebry

cg' local aileron chord measured slong wing-chord plane from hinge
axls of aileron to traliling edge of aileron in planes
perpendicular to wing 0.556¢ line

b twice span of gemispan ﬁodel, 6.066 feet

¥y lateral distance from plane of symmetry, feet

s twice area of semispen model, 12.06 square feet

L rolling mament due to alleron defilection, foot-pounds

N yawing moment due to aileron deflection, foot-pounds

Hy " ajileron hinge maoment, foot-pounds

q free-streaem dynamic pressure, pounds per asquare foot (%pvz)

v free-stream veloclty, feet per second

p mass density of air, slugs per cubic foot

a angle of attack with respect to chord plane at root of model, degrees

SaI' ~true aileron deflection corrected far deflection under load,
relative to wing-chord plane and measured 1n planes perpen-
dicular to alleron hinge axis, degrees

Bagye &verage true deflection of aileron (5&‘1‘) throughout Mach number range

M * Mach number
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Ry Reynolds number
- (L
®ha = \&x. Sery
c (BCh )
BBy ~ \SBay)_
_ <aCL)
Lo = \&a /g,

The subscripts SaT and o indlcate the factor held comstant. A1l

slopes were meassured in the vicinity of 0° angle of attack and 0° aileron
deflection. ,

CORRECTIONS

The test data have been corrected for Jet-boundary and reflection-
plane effects by the method of reference 2. Compressibllity effects on
these Jet-boundary and reflection-plane correctlions have been considered
in correcting the test data. Blockage carrections as determined from
reference 3 to account for the comstriction effects of the model on the
tunnel free-stream flow were also applied.

Alleron deflectlions have been coarrected for deflectlon under load,
and the alleron and spoiler rolling-moment-coefficient data have been
corrected for the wing twist produced by aileron deflection or spoller
projection.

APPARATUS AND MODEL

The tests were made in the Lengley high-speed T- by 10-foot tunnel
which 1s & closed-throat, single-return tummel capable of reaching choking
Mach number.

The cantllever semlspan sweptback-wing model was mounted in the tunnel,
as shown in figure 3. The root chord éf the model was adjacent to the
celling of the tunnel, the ceiling thereby serving as a reflection plane.
The model was mounted on the balance system in such a mamner that all
forces and moments acting on the model could be measured. A smell clear-
ance was malnbained between the model and the tumnel ceiling so that no
part of the model ceme in conbact with the tunnel structure. A small
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end plate was attached to the root of the model to deflect the spanwise
flow of air that enters the tunnel test section through the clearance
hole between the model and the tumnel celling.

The model used for these tests was bullt of aluminum to the plan-
form dimensions shown in figure 2. The model had an aspect ratio of 3.06,
a taper ratio of 0.49, and the leading edge of the model was swept
back 51.3°. The wing sectlons perpendicular to the 55.6-percent-chord
line were of NACA 65-012 airfoll profile.

The model was eguipped with a 20-percent-chord by 39-psrcent-semlspan
true-contour sealed plain elleron, the outboard end of which was located
6.8 percent of the wing semispan inboard from the wing tip. The aileromn
had a semicirculer nose and was intermally sealed with plastic-impregnated
cloth attached to both the wing and the &lleron nose across the gap ahead
of the control-surface nose except at the hinge stations. Although no
seal -leakage measurements were made, 1t is belleved that the seal was
fairly complete. The alleron hinge maments were measured with an elec-
tric resistance-type strain gage.

The two aspoiler comnflgurations Investligated were each ccmposed of
8ix equal-span spoliler segments placed perpendiculer to the free-siream
alr flow wlth the cenbter of each segment om the wing 0.70c line. To
form the two configurations investigated, the six spoiler segments were

placed fram the 0.20% to the 0.80% wing stations end fram the 0.30% to
the 0-902 wing stations; these two spoller arrangements are hereinafter

referred to as spoller configuration 1 and configuration 2, respectively.
A sketch of spoller configuration 1 is shown in figure k. '

TESTS

The Mach number rangs for the tests was fram gbout M = 0.30 to
ebout M = 0.91, which corresponds to & Reynolds number range from

Ry = k.22 x 106 +to Ry = 9.3k X 106 based on a mesn aerodynemic chord
length of 2.08T7 feet. The variation of Reynolds number with Mach number
is shown in figure 5. ’

Wing anglte-of-attack tests with the aileron at SaT = 0° were made

at various constant Mach mumbers through an angle-of-attack range from
approximately -4° to wing stall at M = 0.30 and to approximately 8° at
all other Mach numbers.

Aileron lateral-control tests were made at canstant angles of attack
from -4° to 16° through the Mach mmber range with the aileron at constant

deflections ranging from approximately Bagye = =30 to 30°. The spoiler

lateral-control tests were made at constant angles of attack from approxi-
mately -4© to 4O through the Mach number range with the spoiler at
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constent projections. Spoller configuration 1 was lnvestigated ab
projJections of --23-’, -1, 2, -3, -5, and -T percent chord; whereas spoller

configuraetion 2 was investigated only at a projection of -T percent chord.
(Spoiler)‘projection is negative when spoiler proJjects above wing upper
surface.

RESULTS AND DISCUSSION
The results of the investigation are presented in figures 6 to 11.

Wing Aerodynamlc Characteristics

Lift characteristlcg.- The curves of 1ift coefficlent against wing
angle of attack for all Mach numbers (shown in fig. 6) were linear
through the low angle-of-attack range. At a Mach number of 0.30 (the
only Mach mumber at which data were obtained at high angles of attack)
and «® 8% (Cp, ® O0.44) the slope COp, Iincreased slightly with increasing

angle of attack to an angle of attack of about 12.5° (Cp & 0.66) past
which point the slope C1, decreased continuously to maximum 1ift

which occurred at an angle of attack of &bout 25° where a 1ift coeffi-
clent of Cp, & 0.99 was obtalned. The conditions for a lift-force
break were not reached within the limited angle-of-attack range investi-
gated at the higher Mach numbers. _

The slope cLa, increased with increasing Mach number from a value

of 0.048 at M = 0.30 to a value of 0.057 at M = 0.90 as shown in
flgure 7. The experimentally determined variation of— with Mech
number 1s compared in figure T with the thearetical slope CLa, as
predicted by the method of reference 4. The agreement between the
experimental and theoretical values of CLq, i1s considered excellent

Inssmuch ag the discrepancles between the values &t any Mach number are
within the experimentel accuracy of determining CLG, The data of

figure 6 show that the angle of attack for zero 1ift i1s slightly nega-
tive and not zero as would be expected for a wing having a symmetrical
airfoil. This phenomenon 1s merely the result of slight misallnement
of the model and air stream and iIn no way affects the slope CLQ

Drag characteristic.- The drag coefficlent for any constant 1lift
coefficient  (fig. 6) increased with increasing Mach number to the highest
speed Investligated (M & 0.91) but indicated that the critical speed of
the wing near zero 1lift was not reached.

Pitching-moment characteristics.- For the angle-of-attack range
wherein 11ft verled linearly with angle of attack, the pliching-moment

coefficient varied almost linearly with angle of attack (or 1lift
JAEnaN
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coefficient) as shown in figure 6. For the angle-of-attack renge -
whereln increased slightly, the stabllity of the wing, as indicated
by the slope of the curve of pitching-moment coefficlent agalnst 1ift
coefficient OCpR/OCy,, also increased. At a 1ift coefficlent of about 0.66,

the 1ift-curve slope, as noted previously, started to decrease and the
wing becams unsgteble. In the low lift-coefficient rangs, the stability
of the wing increased slightly with Increasing Mach nmumber.

Alleron Lateral-Control Characteristics

Bolling mament.- The sileron rolling effectiveness generally increased
with increasing aileron deflection and decreased wilith increasing wing angle
of attack and/or Mach mumber. (See figs. 8 amd 9.) The decreasing effec-
tiveness of the aileron with increasing Mach number is at varlance with
theory (such as the Prandtl-Glauert relatlons), which would predict
increasing aileron effectiveness with increasing Mach number, but is in
agreement wilth the results obtained for ailerons on soms swept wings.

The discrepancy between theory and experimental data apparently resulis
from the inabllity of the theory to predict the spanwise shift in center
of pressure of the flap load with increasing Mach number.

Since the foot-pounds of aileron hinge mcament increased with increasing
Mach number and the allerom restraining mechanism was somewhat flexible,
the true deflectlon of the aileron SaT decreased wlth increasing Mach

number. The individual test-point values of the moment coefficients pre-
sented in figure 8 are the valuss for the true aileron deflection SaT,

which mey vary by as much as 1° from the average deflection Saave noted

on the figure. As a consequence, cross plotting of the data.of figure 8
against Saave to determine the control parameters Ch8 and 07'5
ar

will result in values of these parameters slightly higher at low Mach
numbers and lower at high Mach numbers then the values presented on
figure 9 which were determined using the actual control-surface deflections.

The alleron-effectiveness parameter 07'6 wasg estlmated for thils
ap
alleron by Method I of reference 5, and a comparison of the calculated
and the experimental velues at the minimm Mach number investigated (0.30)
is shown in figure 9. The results agree within the accuwracy wlth which
the experimental values may be determined.

Yawing moment.- The yawing-moment coefflcient for any alleron deflec-
tlon and wing angle of attack was essentially unaffected by varlation of
the Mach number. (See fig. 8.) The total yawing-moment coefficient
resulting from squal up-and-down deflectlion of the aileron was slightly
favoraeble (sign of yawing moment seme as sign of rolling moment) at an
angle of attack of approximately -4° but wes adverdé at angles of attack
from 0° to 16°. The magnitude of the adverse yawing-moment coefficient
Increased as the alleron deflectlon and wing angle of sttack increased.
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Alleron hinge moments.- The variation of aileron hinge-moment coef-
ficlent with Mach number although inconsistent was generally smell and,
for any given wing e of attack and alleron deflection, was generally
very nesarly linear. See fig. 8.) The alleron hinge-moment param-
eter Cp, was slightly negative and did not very with increasing Mach
number. (See fig. 9.) The parameter chﬁar wes also negetive at all

Mech numbers and became only slightly more negetive as the Mach number
was Increased fram 0.30 to 0.90.

The effects of Mach number on the hinge-mament parameters were
generally similar to those reported in reference 6 for control surfaces
wlth small tralling-edge angles on unswept wings. ’

Spoller Latersl-Control Characteristics

Comparison of spoller configurations 1 and 2.- The rolling-moment

coefficients for spoller configurations 1 and 2 at a projection of -0.0Tc
increased with increasing Mach mumber or wing angle of attack. (See

fig. 10.) The results further show that throughout the Mach mumber range
investigated the spoller at the inboard location (configuration 1) is

more effective in producing rolling-moment coefficient at a = -4.20 and 0.0°
but is less effective at « = 4.0° +than the spoiler at the outboard loca-
tion (configuration 2). The low-speed spoiler lateral-control results
reported in reference 1l showed that throughout the camplete-wing angle-of-
attack range the spoller at the more Inboard locatlon would generally give
the highest rolling-moment coefficients.

The yawilng-mament coefficlents produced by spoiler configurations 1
and 2 were favorable (sign of yawlng moment same as sign of rolling
moment) throughout the Mach number range and increased in absolute
magnitude as the Mach number or wing angle of attack lncreased. The ratilo
of yawing-moment coefficient to rolling-moment coefficlent Cn/CI

decreased, however, as the Mach number lncreased. There was no conslstent
trend in the veriation of Cn/CZ with veriation of the wing angle of

attack.

Rolling-moment characteristics of spollsr conflguration l.- The
rolling-moment coefficient results presented 1n filgure 11 show that
spoiler configuration 1 produced favorable rolling-moments at all spoller
proJections, angles of attack, and Mach nwumbers, although the effectlve-
ness at small projections (-0.0lc or less) was guite small at a = -4.2C.
The rolling-moment coefflclent increased with Ilncreasing spoller projec-
tion, Mach number, end/or wing angle of atteck. The increase in rolling-
moment coefficlent with spoiler projection was nearly linear at a = 0° and 4C°.

Yawing-moment characteristics of spoiler conflguration l.- The yawing-

moment coefflcients produced by spoller configuration 1 were favoreable
throughout the projection range at all Mach numbers and wing engles of
attack and generally tended to increase with increasing Mach number. The
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yawilng-moment coefflclents also lncreased linearly with increasing spoiler
proJection. There was little effect on the spoller yawing moment of
variation of wing angle of attack. The ratio of yawing-moment coefflclent
to rolling-moment coefficient Cpn/Ci was approximately constant through-
out the proJjection range for any given wing angle of attack and Mach
number but generally tended to decrease as elther the wing angle of attack
or Mach number was increased.

Camparison of lateral-control characteristics of the alleron and
spoller configuration 1.- Camparison of the alleron latersasl-control data

of ‘figure 8 with the lateral-contrcl data for spoller conflguration 1 in
flgure 11 shows that at any constant value of spoiler projection, the
rolling-mament coefficient increased with increasing Mach number; whereas,
at any constant value of total equel up-and-down alleron deflectlon, the
rolling-moment coefficlent decressed with increasing Mach number. This
effect of Mach number on the rolling effectiveness of the controls was of
such magnitude that with the wing at o = 0° the total aileron deflection
reguired to produce & rolling-moment coefficlent equal to that produced by
the spoiler at its maximum projection (-0.0Tc) increased from 16° at a
Mach number of 0.30 to 30° at a Mach number of 0.85.

The spoller produced favorable yawing moments as campared to the
generally unfavorable yawlng moments produced by the aileron. Thils effect,
in conJunction with the normally large negatlve values of the stabllity
parameter CZB (rolling mament due to sideslip) for a highly swept wing,

will increase the rolling effectiveness of the spoiler and decrease the
rolling effectiveness of the alleron.

CONCIUSIONS

The results of an investigatlon at high speeds of a semispan-wing
model with an aspect ratio 3 and a leading edge swept back 51.3° to
determine the wing aerodynemic characteristics and also the lateral-
control characteristics of a partial-span alleron end of & stepped spoiler
lead to the following concluslons:

1. The slope of the curve of 1lift coefficlent agalnst wing engle of
attack C1,, 1ncreased with increasing Mach number and the variation was

in excellent agreement with the theoretlcal variatlon.

2. The wing longlitudinal stablllty, as indicated by the slope of
the curve of pltching-moment coefficient ageinst 1ift coefficlent ch_/aCI,,
increased slightly with lncreasing Mach number.

3. The wing drag coefficlent increased sllightly wilth increasing Mach
number but the critlcel speed of the wing was not exceeded for any cambi-
nation of 1ift coefficient and Mach number, even &t the highest Mach
number investigated (0.91).
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L. The alleron rolling effectiveness decreased as the wing angle of )
attack and Mach number lncreased. .

5. The total yawing-mament coefficient resulting from equal up-and-
down deflection of the alleron was essentially unaffected by variation
of the Mach number, and was generally adverse (sign of yawing moment
opposite to sign of ralling moment).

6. The hinge-moment perameters Chu’ and Ch& (slope of the curves
&p

of hinge-moment coefficlent with wing angle of attack and aileron deflec-
tion, respectively) were negative and varied almost negllglibly with
variation of the Mach number.

T. The spoller rolling-mament coefficilent increased with increasing
Mach number and wing angle of attack within the emall angle-of-attack
range (-4° to 4°) investigated. The increase of rolling-mament coeffi-
clent with spoller mrojection was nearly linear at wing angles of attack
of 0° and 4°.

8. The yawing-moment coefficient resulting fram spoller projection
was favorable (sign of yawlng mament same as sign of rolling moment),
increased with Ilncressing spoller proJection, and tended to lucrease
with increasing Mach number.

Langley Aeronauticel Leboratory
Natlional Advisory Camittee for Aercnautics
Langley Alr Force Base, Va. -
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Flgure l.— System of sxes, control-surface hinge moments and deflections.
Positive directione of forces, moments, and deflections are as
Indicated by the arrows.
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Figure 10.— Effect of spanwise locatlon of the spoller on the variation
of spoller rolling-moment and yawlng-moment coefficients with Mach
number and angle of attack. 'Spoiler projection = -0.07c.
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